Abstract-The article considers conditions for increasing passive safety of vehicles due to the use of temperature calculation in friction pairs of brake units taking into account their active heat dissipation. This temperature calculation allows designers at the design stage of new brake units to determine their optimal configuration, required frictional surface of the friction brakes, taking into account their thermal stability in conditions of increased friction dynamics, which, ultimately, ensures passive safety of transport.
I. INTRODUCTION
In recent years, quantity and quality of vehicles produced in various operations have increased significantly. The most important components of vehicles are friction units -brakes, on which operability and safety of their operation depends as a whole.
An important factor affecting efficiency of brake units is a friction temperature mode. Brake units of modern transport ensure conversion of significant values of mechanical energy of motion into thermal energy for a short period of time. Heat generated by friction in brake friction pairs has significant effect on reliability and durability of friction units, that is, on the passive safety of transport as a whole. With increasing temperature, coefficient of friction (its decrease) and increase in wear of friction surfaces occur. Therefore, when designing brake units, it is necessary to take into account thermal tension that occurs in friction pairs, as well as to provide structural measures aimed at thermal regime reducing. This is especially important for vehicles with increased friction dynamics of brake units.
II. RESULTS AND DISCUSSION
The reduction of thermal loads of brake units is actual one and requires calculation of thermal dynamics of friction of brake units especially when using energy-saturated vehicles.
The study of temperature modes of brake units is, until now, carried out, as a rule, when considering solution of heat conduction problems without taking into account heat exchange with environment, that is, without possible heat dissipation (∂t/∂x=0).
In order to determine temperature field of friction material of the brake at any time, it is necessary to have data on temperature distribution at the initial time (the initial conditions) and to know the heat exchange condition between the surface of the working body and environment.
The differential heat equation that determines nonstationary temperature field of brake friction pairs, taking into account their heat dissipation, expresses the relationship between temperature change t in time τ and its propagation in the friction material with respect to x, y and z coordinates and is described quite adequately by the differential FourierKirchhoff equation. We assume that there are no sources of heat other than heat flow that occurs in the friction zone, and the loss of heat through the ends of friction material is small. Then the heat equation from a three-dimensional one can be reduced to a one-dimensional equation and takes the form:
where a -coefficient of temperature diffusivity, m 2 /s.
In this regard, we assume that before the brakes are switched on (t = 0), friction material and metal surface have the same temperature throughout their mass (initial conditions):
Boundary conditions are determined from the condition that heat exchange takes place both inside the friction lining with area F at time t and between the surface of brake unit and surrounding medium.
Then boundary conditions in our case when x = 0 : To solve differential heat equation (1) with initial (2) and boundary (3) conditions, we make some assumptions:
1. Temperature field of friction material is identical to the field of a single homogeneous body.
2. Parametersλ, с and ρ do not depend on temperature and pressure.
3. We solve thermal problem for a wall of friction material, which is less heat-resistant in a friction pair. In calculation taking into account heat exchange of the environment with heat exchange surface, reduced thickness of friction pad has been used δ:
where δ th.p. , δ m.s. -actual thickness of friction pad and thickness of metal support surface, which, according to the thermal resistance, is reduced to the thickness of friction material.
To solve equation (1) under condition (2) and (3), we use the Laplace transformation with respect to one of the variables, for example, timeτ:
As a result of carrying out the Laplace transformation with respect to timeτ, we obtain the following equation [2, 3] :
Constants A and B are determined from the boundary conditions for the images, which after the Laplace transformation are obtained as follows:
when τ = 0 ,
When x=0 from equation (6) and (7) we have:
When x=δ, we have:
Hence A is:
Then complete solution for the image (6) has the following form:
This expression (12) represents the ratio of two generalized polynomials with respect to g, and the polynomial in the denominator does not contain a free term; all the conditions of the expansion theorem are satisfied.
We define the roots of polynomial Ψ(g), for which we equate the denominator of equation (12) to zero:
We get: 1) double root g 0 =0; 2) innumerable number of roots ( Using the expansion theorems of [6] , we obtain:
where ( ) [ ]
For other roots, we use the expansion theorem [6, 11, 12] :
where g p -roots of polynomials.
For this purpose, we define Ф(g p ) and Ψ'(g p ): 
Then temperature in the zone of friction (x = 0) of brakes for the case of active heat dissipation takes the form:
The value of the temperature difference on the surface of brakes (x=δ), which determines heat dissipation (heat transfer), is accordingly equal to
The results of calculations of temperature modes have been used to estimate the temperature in the friction zone (19) and the temperature on the heat transfer surface (20) during bench and operational production tests. The effect of the maximum possible temperatures in the brake units has been determined by the choice of friction pairs (by their thermal stability) [9, 10] .
From the analysis of equations (19), (20), characterizing temperature in the friction zone and the heat transfer surface, it is seen that the temperature field of friction pad is determined mainly by Biot number and Fourier criteria. The Fourier criterion characterizes the process of pure thermal conductivity of friction material for the x coordinate, and Biot number characterizes heat exchange of friction material with the surrounding medium.
In equation (20), which determines temperature difference during heat transfer of the friction unit, the last term of the sum is a convergent series, i.e. the algebraic sum of cosine waves with gradually damped oscillations at amplitude ( ) Consequently, the temperature field of friction material is a function of time, the distribution of which obeys the law of parabola. In case of very small values of the series (the last term), we observe the quasistationary regime for the field of the temperature gradient.
Consideration of the obtained temperature field of the friction unit provides a basis for studying the process of heat exchange with the environment, which takes place in two stages. In the first period of the thermal process, 0 < τ ≤ τ 1 , the depth of heated layer does not exceed reduced thickness of friction pad δ red , which can be determined from expression [7] 
Equation (21) is characterized by criterion F 0 > 0.333 (which corresponds to ≈ 15-20 seconds of friction unit operation and is acceptable, and thermal process in the first stage is determined by thermal conductivity in the friction pad [13, 14] .
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When τ ≥ τ 1 , the temperature of the friction pad begins to vary throughout its volume simultaneously, i.e. the second stage of heating comes, which is also be characterized by heat exchange with the external medium according to the Newton's law of cooling:
